Infarct-induced heart failure is usually associated with cardiac hypertrophy and decreased ß-adrenergic responsiveness. However, conflicting results have been reported concerning the density of L-type calcium current (I Ca(L) ), and the mechanisms underlying the decreased ß-adrenergic inotropic response. We determined I Ca(L) density, cytoplasmic calcium ([Ca 2+ ] i ) transients, and the effects of ß-adrenergic stimulation (isoproterenol) in a model of postinfarction heart failure in rats. Left ventricular myocytes were obtained by enzymatic digestion 8-10 weeks after infarction. Electrophysiological recordings were obtained using the patch-clamp technique. [Ca 2+ ] i transients were investigated via fura-2 fluorescence. ß-Adrenergic receptor density was determined by [ 3 H]-dihydroalprenolol binding to left ventricle homogenates. Postinfarction myocytes showed a significant 25% reduction in mean I Ca(L) density (5.7 ± 0.28 vs 7.6 ± 0.32 pA/pF) and a 19% reduction in mean peak [Ca 2+ ] i transients (0.13 ± 0.007 vs 0.16 ± 0.009) compared to sham myocytes. The isoproterenol-stimulated increase in I Ca(L) was significantly smaller in postinfarction myocytes (E max : 63.6 ± 4.3 vs 123.3 ± 0.9% in sham myocytes), but EC 50 was not altered. The isoproterenol-stimulated peak amplitude of [Ca 2+ ] i transients was also blunted in postinfarction myocytes. Adenylate cyclase activation through forskolin produced similar I Ca(L) increases in both groups. ß-Adrenergic receptor density was significantly reduced in homogenates from infarcted hearts (B max : 93.89 ± 20.22 vs 271.5 ± 31.43 fmol/mg protein in sham myocytes), while Kd values were similar. We conclude that postinfarction myocytes from large infarcts display reduced I Ca(L) density and peak [Ca 2+ ] i transients. The response to ß-adrenergic stimulation was also reduced and was probably related to ß-adrenergic receptor down-regulation and not to changes in adenylate cyclase activity. 
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Introduction
After myocardial infarction, the acute loss of myocytes leads to an increased load to the heart and to the onset of a cascade of biochemical signaling processes that induce the remodeling of the infarcted zone and of the remote noninfarcted myocardium. Ventricular remodeling is complex and includes hypertrophy, which counterbalances the increased wall stress and attenuates progressive dilation. Nevertheless, heart failure is often the final result of this process after large infarcts (1, 2) .
The model of chronic infarct in rats is characterized by the presence of hypertrophy and, in the case of large infarcts, of heart failure (3) (4) (5) (6) (7) (8) , and represents a clinically relevant model of left ventricle dysfunction (9) . The decrease in the mechanical performance in this model includes not only the loss of myocardium caused by the infarct, but also decreased contractility and response to ß-adrenergic stimulation of the remaining hypertrophied myocardium (3, 5, 8, 10) . However, the mechanisms underlying the reductions of inotropism and the response to ß-adrenergic stimulation are not completely understood.
The changes in cardiomyocyte function can be traced to several steps in excitationcontraction coupling and calcium handling. Among them, alterations in L-type calcium current (I Ca(L) ), cytoplasmic calcium ([Ca 2+ ] i ) transients during contraction, and ß-adrenergic modulation have been studied, but the data in the literature are quite controversial.
L-type calcium currents have been mostly described as unaltered (3, (11) (12) (13) (14) , but also as reduced (15, 16) in postinfarction hypertrophied myocytes isolated from the left ventricle (postinfarction myocytes). On the other hand, dihydropyridine (DHP)-binding sites have always been shown to be reduced (14, 17, 18) , even in a study in which I Ca(L) density was found to be maintained (14) . The peak amplitude of [Ca 2+ ] i transients has been shown to be reduced (3, 11, 19) or maintained (5, 20) .
The effect of ß-adrenergic stimulation on the isometric contraction of isolated papillary muscles from infarcted rats has been shown to be reduced (5, 8, 21) . However, the effect of ß-adrenergic stimulation on I Ca(L) in postinfarction myocytes has been described either as reduced (14) or maintained (15) . Also, the increase in the peak amplitude of [Ca 2+ ] i transients induced by ß-adrenergic stimulation has been shown to be attenuated (5) or augmented (22) in postinfarction myocytes. Binding experiments showed even more diverse results, i.e., maintained (22) (23) (24) (25) , reduced (6, 8, 18) or increased (26) ß-adrenergic receptor density.
These conflicting results could reflect the wide variability among the models used by the different investigators. There are important differences in the size of the infarcted area and in the times after infarction that could lead to differences in the severity of hypertrophy and heart failure. In addition, in the case of I Ca(L) density, the use of a small number of cells as frequently occurs in electrophysiological experiments may also limit adequate statistical analysis (27) and thus contribute to these controversial results.
Thus, we propose to reevaluate the following parameters in a well-defined model of large chronic infarction in rats, with cellular hypertrophy and clear signals of heart failure, 8 to 10 weeks after surgery: 1) I Ca(L) density in a large number of cells to permit adequate statistical analysis, 2) [Ca 2+ ] i transients, 3) the effect of ß-adrenergic stimulation on these two parameters, 4) the effect of forskolin (an adenylate cyclase activator) on I Ca(L) , and 5) the density of ß-adrenergic receptors.
Material and Methods

Reagents
The following reagents were used: glucose, NaCl, CaCl 
Experimental infarction
Myocardial infarction was produced in Wistar rats of both sexes weighing 200-250 g by ligature of the left coronary artery according to protocols that established the efficacy of the method to produce large infarcts (16, 28) . Sham-operated rats were subjected to the same surgical procedure, with the exception of left coronary artery ligature. Eight to ten weeks after surgery, age-and sex-matched rats were sacrificed under ether anesthesia and hearts rapidly removed and treated according to the specific experiments to be performed. This investigation conforms to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) as attested by the competent institutional board.
Criteria for inclusion in the myocardial infarction group
Only hearts from infarcted rats that at visual inspection had large infarctions were assigned to the myocardial infarction group. No precise quantification of the infarction was performed since all experiments required a rapid manipulation of the heart soon after animal sacrifice. The efficacy of this visual inspection to include only hypertrophied, failing hearts in this study was confirmed in a group of 13 infarcted and 13 sham-operated animals in which several parameters associated with cardiac hypertrophy and heart failure were evaluated (Table 1) .
Cell isolation
Ventricular myocyte isolation was performed as reported (16) . Briefly, after rats were sacrificed, the hearts were rapidly removed and attached to a modified Langendorff apparatus for coronary perfusion with Tyrode solution (132 mM NaCl, 1.25 mM CaCl 2 , 1.2 mM MgCl 2 , 4 mM KCl, 10 mM HEPES, and 5 mM glucose, pH 7.35) saturated with oxygen. When blood was completely washed out the perfusion solution was changed to a calcium-free Tyrode solution until the heart stopped beating. Collagenase (0.5 mg/ml) was then added and perfusion was maintained until the heart acquired a soft consistency (usually within 6 to 10 min). Then, washout of the enzyme was performed by perfusing the heart with the same calcium-free Tyrode solution. Next, fragments of the remaining intact left ventricular free wall and interventricular septum were cut and kept in the calcium-free external solution (142 mM NaCl, 1.0 mM MgCl 2 , 4 mM KCl, 10 mM HEPES, and 10 mM glucose, pH 7.4), to which CaCl 2 was progressively added until the normal concentration of 1.25 mM to prevent cell death by calcium overload. Isolated myocytes were obtained by gently shaking the myocardium fragments in the external solution. Only quiescent rod-shaped cells with smooth borders, sharp striations and no vacuolization were selected for study.
Voltage-clamp studies
Electrophysiological recordings were performed by the whole-cell technique in voltage-clamp configuration at room temperature (25ºC) (29) . The myocytes were kept in an acrylic chamber mounted on the stage of an inverted microscope (Nikon Diaphot-TMD, Tokyo, Japan) and continuously superfused with the external solution (see composition above) to which 2 mM 4-AP had been added.
Cell currents were measured using a patch-clamp amplifier (Axopatch 1D; Axon Instruments, Foster City, CA, USA) and microelectrodes of 4-5 MW tip resistance (when filled with internal solution) made from 1.2-mm outer diameter glass capillaries with a three-stage pipette puller (Sutter Instruments Co., Novato, CA, USA). For data acquisition and analysis, a PC computer connected through a Digidata 1200 interface (Interface Axon Instruments) to the patch-clamp amplifier was used in conjunction with the pCLAMP software version 6.0.3 (Axon Instruments).
The pipette solution contained 100 mM CsCl, 20 mM NaCl, 0.5 mM CaCl 2 , 2.0 mM MgCl 2 , 11 mM EGTA-Cs, 10 mM HEPES, and 20 mM TEA-Cl, pH 7.2. Cesium, 4-AP and TEA were used in order to minimize potassium currents. I Ca(L) was elicited by 12 depolarizing clamp steps from a holding potential of -90 mV, with a pre-pulse to -40 mV for 200 ms to inactivate Na + and T-type calcium currents (30) , and with test potentials ranging from -60 to +50 mV for 500 ms. The interpulse interval was 4 s to assure complete recovery from I Ca(L) inactivation. I Ca(L) was measured as the peak inward current with reference to the current at the end of the test pulse and normalized by dividing the current amplitude by the cell capacitance, measured as previously described (16) . Activation curves were plotted as G test /G max ratio against voltage. Conductance for each test potential (G test ) was obtained as previously described (16) . The steady-state activation curves were obtained by mathematical adjustment of the data according to Boltzman equation (y = A/{1b + exp-[(x -V 0.5 )/s]}), where V 0.5 is the half-activation potential and s is the slope factor. Current decay was biphasic and time constants were measured using the following equation:
Fluorescence measurements of [Ca 2+ ] i
Isolated myocytes placed in a 1.0-ml superfusion chamber mounted on the stage of a Nikon inverted microscope (Diaphot 300) equipped for fluorescence and photometry were loaded with fura 2-AM, the membrane permeant form of an UV-excitable, ratiometric calcium indicator. Fura 2-AM was added to the external solution to a final concentration of 4 µM at room temperature and kept for 20 min. The cells were then superfused with the external solution for 5 min at 0.5 ml/min to allow complete dye washout. Field stimulation (SEN 3201 stimulator, Nihon Kohden, Tokyo, Japan) was applied at 0.5 Hz through platinum wire electrodes attached to the bottom and the sides of the chamber. The area for fluorescence measurement was restricted to the minimum necessary to completely include the selected cell in order to minimize background fluorescence. For dye excitation, a high-speed dual-wavelength scanning illuminator (xenon arc lamp, 75 W) capable of switching between 340 and 380 nm at a speed of 650 ratios/s (Delta Scan, Photon Technology International, South Brunswick, NJ, USA) was used. Excitation light was directed at myocytes only during data acquisition to minimize photobleaching. Emitted light was detected by a photomultiplier tube after a 520-nm filter and recorded at 100 points/ s using a computer-based data acquisition system (Photon Technology International). The ratio of the background-subtracted fluorescence signals (340/380) expressed in arbitrary units was used to estimate [Ca 2+ ] i .
Peak amplitude, mean rate of increase to the peak (RtPCa) and mean decay rate to 50% amplitude (RD 50 ) of the [Ca 2+ ] i transient elicited by electrical stimulation were measured under control conditions and in the presence of 1 µM isoproterenol. Peak amplitude of [Ca 2+ ] i transients represents the mean of 10 successive cycles and RtPCa and RD 50 were measured in one representative transient for a given experimental condition.
Membrane preparation
For this purpose, after sacrifice the hearts were rapidly removed and transferred to icecold Tyrode solution. Atria and connective tissue were discarded and the right ventricle, the scar tissue and the remaining left ventricle including the interventricular septum were weighed separately. The scar tissue was discarded and left and right ventricles were processed separately. The following steps were all performed at 4ºC. Ventricular tissue was minced and suspended in ice-cold buffer A (10 mM Tris-HCl, 1 mM EDTA, 0.1 mM PMSF, and 5 mM MgCl 2 , pH 7.5) and then homogenized with three 15-s strokes at maximal velocity with a Tissumizer (SDT Tissumizer, Tekmar Company, Cincinnati, OH, USA). Each stroke was separated by a 60-s resting interval. The suspension was filtered through two layers of cheese-cloth and centrifuged at 4ºC for 15 min at 48,000 g. The resulting pellet was resuspended in buffer B (similar to buffer A, except for a higher Tris-HCl concentration of 50 mM) using a Teflon-glass homogenizer. Next, the suspension was again centrifuged for 30 min at 48,000 g. This procedure was repeated once again and the final pellet was resuspended and stored at -70ºC. Protein concentration was determined by the method of Lowry et al. (31) using bovine serum albumin as standard.
Radioligand binding studies
Left ventricular homogenates of three groups of infarcted and sham-operated animals (total of 20 infarcted and 20 sham animals) were used in the binding experiments. ß-Adrenergic receptor density was determined by [ 3 H]-DHA saturation-binding assays. Fixed quantities of protein (100 µg) were incubated in buffer B with increasing concentrations of [ 3 H]-DHA (5 to 40 nM) at 25ºC for 1 h. The reaction was stopped by rapid vacuum filtration using a Brandel cell harvester (Semat, Herts, UK) through Whatman GF/B glass fiber filters (Whatman, Madstone, UK) pre-soaked in 0.3% aqueous polyethylenimine followed by three fast washes with 5 ml ice-cold 10 mM phosphate buffer, pH 7.4. The filters were dried and the radioactivity trapped in each filter disk was determined by liquid scintillation spectrometry (Packard Instruments Co., Meriden, CT, USA) with a counting efficiency of 45%. Nonspecific binding was defined as the bound radioactivity in the presence of nonlabeled alprenolol (50 µM). Specific [ 3 H]-DHA binding activity was estimated by subtracting the nonspecific binding activity from the total radioligand bound. Estimates of maximal bound (B max ) and dissociation constant (Kd) were obtained from least square curve fitting according to the rectangular hyperbolic model (32) using GraphPad Prism 3.02 software (San Diego, CA, USA). All experiments were performed in duplicate.
Statistical analysis
Data are reported as means ± SEM. Statistical significance was determined using the unpaired Student t-test for the comparison of variables between sham and postinfarction groups. Significance between regression lines was tested by analysis of variance, with P<0.05 being considered statistically significant.
Results
Experimental model
According to the inclusion criteria established, the model of myocardial infarction used in this paper corresponds to cardiac hypertrophy and heart failure induced by a large infarct in rats, 8-10 weeks after surgery. Hypertrophy was quantified in 13 infarcted rats in comparison to 13 sham-operated animals. The presence of hypertrophy in infarcted rats was demonstrated by a significant increase in heart weight (106%) and heart to body weight ratio (107%) in postinfarction compared to sham animals ( Table  1 ). Wet and dry lung/body weight ratios were also significantly higher in postinfarction animals (81 and 134% increases, respectively, Table 1 ). Right ventricular hypertrophy was also detected: the right ventricle/body weight ratio in postinfarction animals was increased by 123% compared to sham animals ( Table 1 ). The extent of increase in both wet and dry lung and right ventricle weights observed here corresponds to that reported for large infarcts in rats with reduced ventricular function and increased left ventricular diastolic pressure, which are clear signs of heart failure (3, 4, 6, 7, 10, 17, 26) . As expected, we also detected ascites, a typical sign of heart failure in most of the postinfarction animals. The postinfarction myocytes were indeed hypertrophied, with a 38.5% higher mean capacitance than observed in sham myocytes: 216.4 ± 7.8 pF, N = 60, in postinfarction myocytes vs 156.2 ± 5.5, N = 69, in sham myocytes (P<0.001).
L-type calcium current
Whole-cell experiments were performed to characterize the I Ca(L) density and kinetics. Mean peak I Ca(L) at 0 mV was similar in myocytes from both groups: 1,182 ± 67 pA (N = 60) for postinfarction myocytes vs 1,138 ± 51 pA (N = 69) for sham myocytes (P = 0.59). However, after normalization for cell capacitance, mean peak I Ca(L) density was 25% lower in postinfarction myocytes: 5.7 ± 0.28 vs 7.6 ± 0.32 pA/pF for sham myocytes (P<0.001) ( Figure 1A) .
Comparison of the calcium current densities between the two experimental groups assumes that the relationship between the peak calcium current magnitude and cell capacitance is linear and that this relationship does not change in hypertrophy. To check this point, we plotted the peak calcium current (at 0 mV) against cell capacitance for each experimental group. As shown in Figure 1B , we found linear relationships in both groups, and the slope values obtained for the regression lines did not differ significantly. The regression line for postinfarction myocytes was shifted towards lower calcium currents. This point was further corroborated by additional statistical analysis using the extracted residuals from the regression of peak calcium currents. The extracted residuals were used as a new variable in ANOVA and represented variation in peak calcium currents independent of myocyte capacitance. We found that postinfarction myocytes had lower I Ca(L) values than those from sham rats when cell size influence was removed from the analysis (ANOVA, P<0.05).
In contrast, the calcium current steadystate activation curves were similar for both groups: values for V 0.5 were -15.8 ± 0.3 and -15.2 ± 0.5 mV for sham (N = 69) and postinfarction (N = 60) myocytes, respectively (P = 0.27). Slope factors were 5.3 ± 0.3 and 5.5 ± 0.4 mV for sham and postinfarction myocytes, respectively (P = 0.69). The time course of I Ca(L) inactivation was biphasic. Fast (t fast ) and slow (t slow ) time constants were determined at maximal current density, measured at 0 mV, and also did not differ 
I Ca(L) ß-adrenergic sensitivity
In order to evaluate the I Ca(L) response to ß-adrenergic stimulation we exposed the cells to different concentrations of isoproterenol. A given cell was exposed to only one isoproterenol concentration. Therefore, each concentration value was tested in a different group of cells. The I Ca(L) increase induced by isoproterenol was less prominent in postinfarction myocytes, as shown in Figure 2 (inset). Dose-response curves for isoproterenol were constructed with the average (3) maximal I Ca(L) density increases obtained for each concentration. After sigmoidal fit, a clear reduction in the effect of ß-adrenergic stimulation on I Ca(L) could be seen in postinfarction myocytes (Figure 2 ). The maximum effect (E max ) was reduced by 48% in postinfarction versus sham myocytes. Isoproterenol potency was similar for both groups of cells, as demonstrated by similar dose for 50% of maximum effect (EC 50 ) found in both groups of cells (Figure 2 ).
Effect of forskolin on I Ca(L) density
To investigate the effect of hypertrophy on adenylate cyclase activity, forskolin, a direct activator of adenylate cyclase, was applied to the external solution. Forskolin induced similar increases in I Ca(L) in both groups (Figure 3) , suggesting that the ß-adrenergic pathway downstream of the adenylate cyclase step is preserved in postinfarction myocytes. Figure 4F shows the effect of 1 µM isoproterenol on representative postinfarction and sham myocytes.
ß-Adrenergic receptor density
The [ 3 H]-DHA binding was significantly lower in homogenates of left ventricles of myocardial infarction hearts as shown by the saturation curves in Figure 5 . The calculated B max of [ 3 H]-DHA for myocardial infarction corresponded to 35% of the value found for sham myocytes, indicating that the maximal number of radioligand binding sites was decreased in myocardial infarction hearts. Scatchard analysis of the data ( Figure 5, inset) indicated that the equilibrium dissociation constants were the same for both membrane preparations, suggesting a noninteracting single population of DHA binding sites in both postinfarction and sham myocytes.
Discussion
This is the first study in which calcium current densities, intracellular calcium transients and binding to ß-adrenergic receptors were evaluated simultaneously in a welldefined model of cardiac hypertrophy. We were able to show decreased cardiac ß-adrenergic response, impairment of I Ca(L) under basal or stimulated conditions, and decreased [Ca 2+ ] i transients upon stimulation in the model of hypertrophied failing heart, 8-10 weeks after extensive myocardial infarction.
L-type calcium channel
The linear correlation between peak I Ca(L) and cell capacitance for both postinfarction and sham myocytes with almost parallel regression lines validates the procedure of comparing current densities normalized by cell capacitance in this model. The analysis of the extracted residuals from the regression of peak calcium currents showed that the decrease in peak calcium current in myocardial infarction is independent of cell size.
In contrast to most studies, in which I Ca(L) density is evaluated in a small number of cells, in the present investigation, by analyzing a larger number of cells, we confirmed that I Ca(L) density is indeed reduced ( Figure 1A ) in postinfarction myocytes, in agreement with the reduction in DHP binding sites described in homogenates from infarcted rats (14, 17, 18) .
In contrast, several investigators reported preservation of I Ca(L) density in postinfarction myocytes (3, (11) (12) (13) (14) . What could underly this discrepancy? In some cases, the degree of hypertrophy is clearly different: the increase in mean capacitance of myocardial infarction cells in the present study (38.5%) was larger than the 11% (3) and 12% (14) values reported by others. The smaller hypertrophy inferred from the capacitance measurements in the study by Holt et al. (3) was confirmed by the smaller increase in the heart weight/body weight ratio in myocardial infarction, which was 67% in comparison to the 107% increase found in our model. Thus, the degree of cardiac hypertrophy possibly related to the intensity of left ventricular overload could be one variable associated with the decreased I Ca(L) density in postinfarction myocytes. Additionally, Qin et al. (12), Holt et al. (3) and Wasserstrom et al. (13), who did not find alterations in peak I Ca(L) density, were all working with myocardial infarction rats earlier after experimental infarction, i.e., 3-4 weeks (12) and 6 weeks (3, 13) , when compared to the present model. Thus, time elapsed after myocardial infarction, which determines the degree of progression of heart failure, could be another important parameter. Accordingly, Aimond et al. (15) reported decreased I Ca(L) density (by 45%) in postinfarction myocytes 4-6 months after infarction in a model with clear signs of left ventricular dysfunction evaluated by echocardiography and hemodynamic parameters.
Calcium transients
In the present study, mean peak amplitudes of [Ca 2+ ] i transients and RtPCa (a parameter that estimates the velocity of calcium release) were reduced in postinfarction myocytes, in agreement with a report by Holt et al. (3) , who also reported decreased fractional shortening and increased times to peak tension and recovery. Anand et al. (33) , on the other hand, reported unchanged [Ca 2+ ] i transients in a model with signs of heart failure. However, in this case the degree of left ventricular impairment was clearly less severe, a fact that may explain the different results.
Our observations of decreased I Ca(L) and peak calcium transient conform with previous reports of a linear relation between the magnitudes of I Ca(L) and of Ca 2+ release, and with the proposals that reductions of at least 20% in I Ca(L) density can disturb intracellular calcium handling (27) .
Thus, in our model the decreased contractility reported for the whole heart and papillary muscle (6, 8) may be associated with the reduced trigger represented by the reduced I Ca(L) density ( Figure 1A ), leading to decreased calcium mobilization during systole. However, we cannot rule out a contribution of other mechanisms to the reduction of the peak amplitude of [Ca 2+ ] i transients, such as a smaller calcium store in sarcoplasmic reticulum (34) and a decrease in the ability of I Ca(L) to activate sarcoplasmic reticulum Ca 2+ release (11) .
On the other hand, RD 50 , which estimates the rate of decay of the [Ca 2+ ] i transient following a contraction, was found to be unaltered in postinfarction myocytes, as also shown by Prahash et al. (22) , possibly indicating that the mechanisms of calcium clearance are preserved or that these cells develop some kind of compensatory mechanism.
Depressed ß-adrenergic response in postinfarction myocytes
Heart failure syndrome is accompanied by compensating mechanisms and one of the most important is increased adrenergic drive. It has been suggested in other hypertrophy models that the beginning of the hypertrophic process is associated with increased or maintained ß-adrenergic response and receptor density; and, as heart failure is established, ß-adrenergic receptor density decreases (35) . The ß-adrenergic response is also modified in infarct-induced hypertrophy. Although most of the literature reports a reduction in ß-adrenergic response of isolated hearts or hypertrophied papillary muscles of infarcted hearts (5, 6, 8, 21, 22) , no clear agreement exists regarding the step(s) in the signaling pathway responsible for this reduction.
We found a significant decrease in the E max of isoproterenol on I Ca(L) in postinfarction myocytes compared to sham myocytes, while the EC 50 was unchanged. The E max of isoproterenol obtained for sham myocytes was similar to values previously reported for adult rat hearts (36) , while the present study is the first report of E max and EC 50 in postinfarction rat myocytes. The maintenance of EC 50 and the decrease in E max in postinfarction myocytes suggest that the reduced effect of isoproterenol on these cells is more likely to be related to a decreased ß-adrenergic receptor density rather than to a change in affinity of the ß-adrenergic receptor. Furthermore, the isoproterenol-stimulated mean peak amplitude of the [Ca 2+ ] i transients was lower in postinfarction myocytes (Figure 4 ) although the relative increases induced by 1 µM isoproterenol were the same for sham and myocardial infarction rats.
The functional evidence cited above for decreased ß-adrenergic receptor density with maintained affinity of the receptor for the agonist is in good agreement with the significant reduction in the calculated B max of [ 3 H]-DHA binding to the postinfarction left ventricular tissue preparation ( Figure 5 ), without changes in Kd. Taking into account the increase in right ventricle/body weight (123%) and in wet lung/body weight (81%) ratios in the present study, the magnitudes of hypertrophy and heart failure in our model were higher than in studies that reported preservation of ß-adrenergic receptor density (4, 23) , and similar to studies that also reported a decrease in ß-adrenergic receptor density (6, 8) . Thus, whether or not ß-adrenergic receptor density is decreased in a given model of myocardial infarction seems to depend also on the severity of heart failure.
This decreased ß-adrenergic receptor density could be an additional cause for the decreased basal I Ca(L) density in this model since it is proposed that G protein-coupled receptors, including ß-adrenergic receptor, exert a basal amount of intrinsic activity leading to basal steady-state adenylate cyclase activity (37) .
The possibility that the reduction shown in the present study could be related to decreased ß-adrenergic receptor density limited to the scar and neighboring tissue (4, 24) is not likely since we removed the scars before homogenization of the left ventricles.
Forskolin stimulation induced similar effects on I Ca(L) density in sham and postinfarction myocytes, in agreement with previous studies that evaluated chronotropic and inotropic responses to forskolin (4, 22) . This finding, taken together with the decreased ß-adrenergic receptor density, limits the possible altered steps in the ß-adrenergic pathway in postinfarction myocytes to the receptor-G protein complex and suggests the interpretation that the decrease in ß-adrenergic receptor density is a possible mechanism underlying the reduced ß-adrenergic stimulation response in postinfarction myocardium.
We propose that in the cardiac hypertrophy model induced by large infarcts in rats with clear signs of heart failure, evaluated 8-10 weeks after infarction, I Ca(L) density and mean peak amplitude of [Ca 2+ ] i transients are both reduced, events that may contribute to the decreased contractility of postinfarction myocardium. The decrease of the response of I Ca(L) to ß-adrenergic stimulation in postinfarction myocardium is not related to changes in adenylate cyclase function or sensitivity of ß-adrenergic receptors to the agonist, with down-regulation of ß-adrenergic receptors being an important mechanism. The controversial reports concerning I Ca(L) density and ß-adrenergic effects on hypertrophied myocytes in healed infarction are probably related to differences in the severity of heart failure in different studies.
